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Anatomic and radiological study on posterior pedicle
screw fixation in the atlantoaxial vertebrae of children
DENG Xiong-wei 邓雄伟, MIN Zhi-hai 闵志海, LIN Bin 林斌* and ZHANG Fa-hui 张发惠
【Abstract】Objective:    To investigate the feasibil-
ity of posterior fixation with 3.5-mm pedicle screws in the
atlantoaxial vertebrae of children.
Methods:    In this study, atlantoaxial vertebrae speci-
mens were obtained from 10 cadavers of children aged 6-8
years. We measured the height and width of the C1 pedicle
and the midportion of C1 lateral mass; the width of C1 poste-
rior arch under the vertebral artery groove and the height of
the external and internal one-third of this part; the external,
internal height and the superior, middle, inferior width of
the C2 pedicle (transverse foramen). Furthermore, computed
tomography (CT) axial scan was performed on 20 age-
matched volunteers to obtain relative data of their atlanto-
axial vertebrae. We measured the length and width of the C1
and C2 pedicles in the atlantoaxial cross-sectional plane. On
CT workstation, we also measured the angles between the
longitudinal axes of the atlantoaxial pedicles and the mid-
sagittal plane.
Results:    For the cadaveric specimen group, the height
and width of the C1 pedicle were (5.26±0.44) mm and (6.26±
0.75) mm respectively. The height of the medial one-third of
the C1 posterior arch under the vertebral artery groove was
(4.07±0.24) mm. The external, internal height and superior,
middle, inferior width of the C2 pedicle was (6.86±0.48) mm,
(6.67±0.49) mm,  (6.63 ±0.61) mm, (5.41±0.39) mm and (3.71
±0.30) mm, respectively. For the volunteer group measured
by CT scan, the height and width of the C1 pedicle were (5.47
±0.34) mm and (6.63±0.54) mm respectively, while (6.59±
0.51) mm and (5.13 ±0.42) mm of the C2 pedicle. The angles
between the atlas, axis pedicles and the midsagittal plane
were (9.60±1.32)° and (27.80±2.22)° respectively.
Conclusion:    It is feasible to place a 3.5-mm pedicle
screw in the C1 and C2 pedicles of children aged 6-8 years old.
Key words:    Anatomy; Radiology; Child; Bone screws;
Cervical atlas; Axis
Atlantoaxial dislocation is a common injury ofthe upper cervical spine and accounts for 70%of the cervical spine injuries. The atlantoaxial
articular capsules and ligaments of children are more
chalasia than adults, for the skeletons of children have
not matured enough. As a result, children are easy to
develop atlantoaxial dislocation due to external force or
some pathological reasons. In the past, conservative
treatments are usually adopted. If this fails, an opera-
tion is needed. However, until now, it lacks anatomic
and radiological supports on the feasibility of pedicle
screw fixation in the atlantoaxial vertebrae of children
in clinic. In this study, we obtained relative data on the
atlantoaxial vertebrae of 10 children specimens and 20
age-matched volunteers. The variation of atlantoaxial
vertebrae is not considered in this study. We analyzed
their anatomical and imaging characteristics, aiming
to provide some references for this problem.
METHODS
Materials
Totally cadaveric specimens of 10 children, 6 males
and 4 females, aged 6-8 years, 7.5 years on average,
were provided by the Research Center of Clinical Anatomy,
Fuzhou General Hospital, Fuzhou, China. The upper cer-
vical spines were dissected to get the atlantoaxial ver-
tebra specimens. Besides, 20 volunteers, 12 males and
8 females, aged 6-8 years, averaged 7 years, free from
inborn malformation, fractures and dislocations of the
atlantoaxial vertebrae, were included in this study. Lin-
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ear measurements were made directly with a domestic
electronic caliper of 0.02-mm accuracy and angles were
measured with a coherency goniometer of 0.1° accuracy.
Anatomic and radiological measurements
Totally 12 items of atlas vertebra specimens (Figure 1)
and axis vertebra specimens (Figure 2) were measured
in this series. Computed tomography (CT) scan was
performed on the atlantoaxial vertebrae of the 20 volun-
teers in the axial plane and then three-dimensional recon-
struction was done. Five items were measured on CT work-
station (Figure 3).
Table 1. Results of anatomic study on the ventral atlas
(n=10, χ±s, mm)
Items                               Left                               Right
L1                               5.26±0.44                    5.14±0.57
L2                               6.26±0.75                    6.13±0.76
L3                             10.03±0.46                    9.89±0.46
L4                             10.33±0.63                  10.05±0.70
L5                               7.11±0.58                    6.85±0.61
L6                               4.07±0.24                   4.01±0.27
L7                               3.65±0.26                   3.71±0.26
Table 2. Results of anatomic study on the ventral axis
(n=10,χ±s, mm)
Items                                 Left                                  Right
H1                               6.86±0.48                            6.79±0.51
H2                               6.67±0.49                            6.60±0.49
H3                               6.63±0.61                            6.54±0.51
H4                               5.41±0.39                            5.31±0.42
H5                               3.71±0.30                            3.81±0.20
Statistical analysis
Data were presented as mean±standard deviation and
analyzed by SPSS 13.0 statistical software. Paired t
test was performed to compare the bilateral parameters.
P<0.05 was considered statistical significant.
RESULTS
There were no statistical differences between the
bilateral parameters in this measurement (P<0.05). For
the cadaveric specimen group, the height and width of
the C1 pedicle were (5.26±0.44) mm and (6.26±0.75)
mm respectively. While for the CT scan group, the height
and width of the C1 pedicle were (5.47±0.34) mm and
(6.63±0.54) mm respectively. Detailed data of the atlas
and axis are listed in Tables 1-4.
Figure 1. Anatomic measurement of the atlas. L1: height of the atlas; L2: width of the atlas; L3: height of the midportion of the atlas lateral
mass; L4: width of the midportion of the atlas lateral mass; L5: width of the C1 posterior arch under the vertebral artery groove; L6: height
of the external one-third of the C1 posterior arch under the vertebral artery groove; L7: height of the internal one-third of the C1 posterior
arch under the vertebral artery groove. Figure 2. Anatomic measurement of the axis. H1: external height of the axis; H2: internal height
of the axis; H3: superior width of the axis; H4: middle width of the axis; H5: inferior width of the axis.
Figure 3. Radiological measurement of the atlas and axis vertebrae. A1: height of the atlas; A2: width of the atlas; A3: length of the atlas;
α: angle between the longitudinal axis of the atlas pedicle and the midsagittal plane; B1: height of the axis; B2: width of the axis; B3: length
of the axis; β: angle between the longitudinal axis of the axis pedicle and the midsagittal plane.
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DISCUSSION
Feasibility of posterior pedicle screw fixation in
the atlantoaxial vertebrae
In the ventral atlas    Posterior pedicle screw fixa-
tion in the ventral atlas refers to the fixation technique
that screws go through the posterior arch and isthmus
of posterior arch to the lateral mass of the atlas, includ-
ing double-cortex fixation and single-cortex screw
fixation. For the former, screws go through the anterior
cortex of the C1 lateral mass, but for the latter, this is
unnecessary. However, in single-cortex screw fixation,
a part of the screw goes through the lateral mass of the
atlas. In our study, the average width and height of the
midportion of the C1 lateral mass was (10.33±0.63) mm
and (10.03±0.46) mm, highly consistent with the con-
clusions of Ma et al1 and Tan et al2. Our results demon-
strated that it is very safe to insert a 3.5-mm pedicle
screw in the C1 pedicle of children. The average width
of the C1 pedicle and the C1 posterior arch under the verte-
bral artery groove was (6.26±0.75) mm and (7.11±0.58)
mm respectively. On CT workstation, the average height
and width of the C1 pedicle measured (5.47±0.34) mm
and (6.63±0.54) mm, respectively. Therefore a 3.5-mm
pedicle screw can be safely placed in the posterior arch
and the C1 pedicle. The average height of the C1 pedicle
was (5.26±0.44) mm, so placement of a screw with the
same size in the C1 pedicle is technically feasible. The
average height of the internal one-third of the C1 poste-
rior arch under the vertebral artery groove was (3.65±
0.26) mm.At this part, the impression of the vertebral
artery groove is the deepest and the posterior arch is
thin and mostly cortical bone. As a result, the medul-
lary cavity is narrow, resulting in much difficulty in plac-
ing a 3.5-mm pedicle screw. The average height of the
external one-third of the C1 posterior arch under the
vertebral artery groove was (4.07±0.24) mm. The pos-
terior arch here is relatively thick and the deepest part
of the impression of the vertebral artery groove is avoided.
Thus the medullary cavity is relatively large. It is much
safer to insert a 3.5-mm pedicle screw in this part.
Ma et al1 measured the height and width of the
midportion of the lateral mass, the pedicle and the pos-
terior arch of 50 dry atlas specimens and considered
that the height of the C1 posterior arch is the decisive
factor in C1 pedicle screw fixation. When the height is
less than 4.0 mm, it is inappropriate to insert a 3.5-mm
screw. In our measurement, the height of the C1 poste-
rior arch under the C1 vertebral artery groove was (4.07±
0.24) mm, which demonstrates the feasibility to insert
a 3.5-mm pedicle screw in the C1 pedicle.
In the ventral axis    The axis pedicle refers to the
part between the superior articular surface and the infe-
rior articular process. According to the report of Qu et
al3, if the height or width of the axis pedicle is less than
5 mm, it is inappropriate for screw fixation. In our
measurement, the external and internal height of the C2
pedicle was (6.86±0.48) mm and (6.67±0.49) mm,
respectively. The superior, middle and inferior width of
the C2 pedicle was (6.63±0.61) mm, (5.41±0.39) mm
and (3.71±0.30) mm, respectively. From the above
figures, we can see that pedicle screw fixation in the
ventral axis is feasible, and it is better for screws to go
through the superior and middle parts of the pedicle.
The average height of C2 measured on the CT worksta-
tion was (6.59±0.51) mm and width (5.13±0.42) mm,
which also proved the feasibility of placing a 3.5-mm
screw in the ventral axis pedicle.
Location and direction of pedicle screws in C1 and
C2 of children
In C1 of children    Resnic et al4 emphasized the
exposure of anatomic structures of the atlantoaxial lat-
eral mass during fixation and application of bedside X-
ray machines, but they did not specifically explained
the location of C1 pedicle screws. However, veins are
intensively distributed in this part, so it is much techni-
cally challenging to expose the anatomic structures
B1 (mm)                    6.59±0.51                   6.54±0.71
B2 (mm)                    5.13±0.42                   5.09±0.38
B3 (mm)                  26.26±0.90                 26.05±1.08
β (°)                        27.80±2.22                 28.30±2.16
Table 4. Results of radiological study on the ventral axis
(n=20,χ±s)
Items                              Left                            Right
Table 3. Results of radiological study on the ventral atlas
(n=20, χ±s)
Items                              Left                            Right
A1 (mm)                    5.47±0.34                  5.50±0.34
A2 (mm)                    6.63±0.54                  6.59±0.46
A3 (mm)                  30.62±2.00                30.67±2.19
α (°)                           9.60±1.33                  9.50±1.63
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during operation. In Tan et al’s5 report, the entry point of
the pedicle screw in C1 is at the intersection of 20-22 mm
beside the median line and the posteroinferior border of
the C1 posterior arch. The inclination angle of the screw
orientation is 10°-15° inward in the transverse plane and
10°-15° anterosuperior in the sagittal plane. Ma et al6
demonstrated that the pedicle screw in C1 should be at
the junction of the vertical line which passes through
the midpoint of the axis inferior articular process and
the horizontal line which is 3 mm below the superior
border of the posterior atlantal arch. The inclination angle
is 10° inward and 5° upward. On the CT cross-sec-
tional images of the atlas, the angle between the longi-
tudinal axis of the atlas pedicle and the median sagittal
plane measured 9.60°. This is the exact introversion
angle for screw placement in adults in clinic.
In C2 of children   After anatomic study, Xu et al7
developed a conclusion that the entry point of pedicle
screws should be at the intersection of 5 mm below the
horizontal line of the superior border of the axis lamina
and 7 mm outside the medial border of the vertebral
canal. Howington et al8 also established a localization
method of placing the pedicle screw at the intersection
of 26 mm outside the median vertical line of the axis
spinous process and 9 mm above the extreme inferior
border of the axis inferior articular process. If the out-
board vertebral artery of the axis articular process is
revealed during operation, the vertical dimension from
the entry point to the inner margin of the vertebral ar-
tery is 1.38 mm. Li et al9 defined the entry point at the
intersection of the horizontal line of the inferior border
of the axis transverse process and the middle or exter-
nal one-fourth of the perpendicular line of the articular
process. Ma et al10 defined the localization at the upper
inner quadrant of the axis inferior articular process,
which is 2 mm inner and above the center point. The
localization of pedicle screws is defined differently ac-
cording to different scholars. Generally, the upward tilt
angle varies 32°-35° and the inward lean angle 30°-33°.
By CT cross-sectional scan of the axis, the average
angle between the longitudinal axis of the axis pedicle
and the median sagittal plane measured 9.60°, similar
to the figures reported in the literature.9,10
In this measurement, we found that the anatomic
parameters of children atlantoaxial pedicles are 90% in
coincidence with the data for adults obtained by other
scholars.1,3 So we referred to the location of entry points
mentioned above. In this study, the entry point of pedicle
screws in C1 was 18 mm beside the midline and 3 mm
to the superior border of the posterior arch. The screw
tilted inwards at an angle of 10° in the transverse plane
and tilted anterosuperiorly at an angle of 5°-10° in the
sagittal plane. The entry point of pedicle screws in C2
was at the intersection of 20 mm outside the median
perpendicular line of the axis spinous process and 7 mm
above the extreme inferior border of the axis inferior
articular process. The tilt angle of the screw orientation
was about 32° upward and 32° inward. However, the
factors such as individual characteristics, ages and
numbers of specimens can influence the location of
entry points and related parameters of  screw
orientations. Therefore, we suggested preoperative CT
scan to determine the specific location and direction of
pedicle screws.
Choice for length of atlantoaxial pedicle screws
Because the atlantoaxial pedicle is different from
other vertebral pedicles and the error made in cadav-
eric specimen measurement is big, the length of at-
lantoaxial pedicles was measured on CT workstation. In
our measurement, the average length of atlas pedicle
was (30.62±2.00) mm and axis pedicle (26.26±0.90) mm.
Brantley et al11 found that the fixation strength is enough
once the length of a pedicle screw reached 80% of the
total length. And the fixation strengh does not obviously
increase with the increase of screw depth. So in clinic,
we can choose atlas screws of about 24-mm long and
axial screws about 21-mm long.
The cervical pedicle screw fixation system has the
incomparable three-dimensional stability compared with
other cervical fixations12, thus it is intensively applied.13,14
But until now, no anatomic or radiological studies on
pedicle screw fixation in managing atlantoaxial dislo-
cations of children who failed in the conservative treat-
ment are reported in the domestic or abroad literature.
From this anatomic and imaging measurement, we
demonstrate that it is feasible to place a 3.5-mm pedicle
screw in the C1 or C2 of 6-8 year-old children.
However, the diameter of the cervical pedicle is small
and varies greatly with individuals. Moreover, the sur-
rounding anatomic structure is very complex, and all
the walls are adjacent to important nerves and blood
vessels (the inner wall adjacent to the dural sac, the
outer wall to the vertebral artery and the top and bottom
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walls to nerve roots). Therefore, if the atlantoaxial pedicle
screw internal fixation is determined to applied on  chil-
dren with atlantoaxial dislocation in clinic, preoperative
X-ray, laminar CT scan and MRI are recommended in
order to determine the suitability of this approach and
parameters of each screws. And surgeons need to pay
attention to the following points during operation. (1)
Soft tissues should be fully exposed under the condi-
tion of non-hemorrhage because soft tissues in chil-
dren are chalasia and easy to expose. (2) Screws should
be accurately located. The inward inclination angles of
the screw, the screw head and the screw tail need to
be especially noted. The outer wall is thinner than the
inner wall and there is an inward inclination angle when
placing screws. Therefore, we often place the screw
inside the inclination angle using a spherical probe,
which should be close to the inner-upper wall of the
pedicle as far as possible. And (3) the atlantoaxial ver-
tebrae of children are soft, so metal pincers should be
avoided to hold the posterior arch of the atlas in surgery.
It is very important for the first screw placement to be
successful because repeat procedures could lead to
fractures or loosening of screws.
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